In the case of joint diseases, as a result of the process induced by the pathophysiological factors, the small articular structures that have pilled result in a qualitative and quantitative modification of the composition of the synovial fluid (SF). The analysis of this fluid offers a unique opportunity to study the joint diseases. In our study, 28 cases of acute knee joint meniscus injuries, transient knee joint synovitis, or degenerative knee joint destruction were studied. Following the collection and storage of SF, removed on the basis of the sample collection protocol, they were denatured in a SETARAM Micro DSC-II calorimeter with a scanning rate 0.3 K min -1 in the 20-90°C temperature range. 4-4 samples from the ''normal'' SF batch were inoculated by two different strains of bacteria [Staphylococcus aureus and Staphylococcus epidermidis] with 10 -3 colony-forming unit. Thermoanalytical changes of the proteins found in the SF were studied by a SETARAM Micro DSC-II, in the laboratory of the Biophysical Institute. The maximum denaturation temperature of the proteins being in the SF with different severity varied according to the criterion of the radiological scaling of osteoarthritis made by the Kellgren-Lawrence criterion. The decomposition of the scans showed the degree of the damage in case of SF as well as in the inoculated samples. Knowing the denaturing properties of temperature-dependent protein molecules in SF, DSC can be used to design and develop intraarticular lubricant additives that effectively enhance protein stability and contribute to a reduction in joint wear.
Introduction
The protein concentration of SF as well as its intra-articular production and decrease in normal equilibrium is determined by synovial blood flow, plasma concentration, microvascular permeability, and lymph node separation [1] . It is known that the concentration of the synovial fluid in the protein is proportional to their molecular mass. In the event of injury and joint disease, such as osteoarthritis, progressive damage occurs, resulting in changes in the composition of the SF following the damage to the joint surface [2, 3] . Likewise, the change of SF protein concentration in the composition of SF varies with different etiologies. The study of synovial fluid is an important method for diagnosing and treating joint diseases.
In an earlier study, the average protein concentrations of osteoarthritis (OA) hip and knee are quite different in patients with healthy or rheumatoid arthritis [4] . The differential scanning calorimetry (DSC) is used as a diagnostic tool for detecting the concentration of altered thermal properties in a patient or injured condition.
Numerous studies have shown that microcalorimetry testing is a fast, well-used method for detecting septic joints [5] [6] [7] [8] based on bacterial reproductive ability [8] [9] [10] . The aim of our study was to ensure accurate separation of the affected protein content determined by denaturation of SF, by determining the limit of the disease per group: the healthy joints, osteoarthritis, rheumatoid arthritis as well as septic arthritis.
Materials and methods
In connection with the previous research activity in 2017, we began collecting samples, following a documented informed consent of the local ethics committee, performing patient information, which was prepared in accordance with the ethical guidelines of the 2003 Helsinki Declaration [7, 8] .
Human sample collection: Based on the selection criterion, acute knee joint meniscus injury, transient knee synovitis, or degenerative knee joint destructive treatment were included in the study. Human synovial samples were obtained at the Department of Traumatology and Hand Surgery under strict aseptic conditions during surgery, which would have been removed during the intervention. The collected synovial fluid was collected in a native sterile tube. The collected synovial fluid samples were then centrifuged at 3500 rpm for 15 min and stored at -70°C for further processing when samples were gradually thawed to room temperature prior to use. Following the collection of the 28 samples, they were divided according to the degenerative condition of the knee joint determined according to the modified Kellgren-Lawrence classification [11] .
Microbiological treatment: To simulate the septic infection, we have chosen two very aggressive bacteria.
Staphylococcus aureus (SA): Is a gram-positive bacterium; it is a member of the normal flora of the body and can grow in anaerobic circumstances too [12] . Despite a lot of research and development, until now, no vaccine for SA can be found. About 20-30% of the human population is long-term carriers of SA [13, 14] . It is one of the five most common causes of hospital-acquired infections (according to our previous result [15] ) and is often the cause of wound infections following surgery. Around half a million patients in hospitals of the US contract a staphylococcal infection, mainly by SA [16] .
Staphylococcus epidermidis (SE): Is also a gram-positive bacterium. It is a part of the normal human flora (mainly skin flora). It is a facultative anaerobic bacteria. Although it is not usually pathogenic, it can be dangerous for patients with compromised immune systems (causing infections in case of people with catheters or, e.g., implants). Because it is a part of the normal skin flora, during the laboratorial tests, it appears as a very often occurring contaminant of specimens sent to the diagnostic laboratory.
DSC measurements
Based on the experimental model we designed, the steps of the study were divided into two separate phases. The denaturation of the investigated synovial samples (4-4 samples in each stage) was examined in a liquid state after a careful sterile collection and preparation process in the DSC laboratory of the PTE Biophysical Institute with a SETARAM Micro DSC-II calorimeter. The average sample volume was 950 lL; the reference was normal saline solution.
In the first phase of the process, thermoanalytical analysis of the synovial liquid samples obtained during the various degrees of arthrosis was carried out in the 20-90°C range with a 0. Fig. 1 Investigation of protein content of synovial fluids with DSC in different arthritides 4499 epidermis) were added separately to the 4-4 samples. The mixtures were held at 37°C through 24 h; after it, they were denatured in the 20-90°C range with a heating rate equal to 0.3 K min -1 .
Results
The thermal denaturation curves of synovial fluids in case of control and of various degree of arthrosis can be seen in Figs. 1-3 . The curves are averages of four different sample runs; they are smoothed and baseline-corrected. Knowing that the synovial fluid contains different blood plasma proteins in high amount [2, [16] [17] [18] , we have decomposed the scans with Gaussian functions to demonstrate the effect of severity of the disease (or infections, see Fig. 4 ) on the protein fragment. The ''healthy'' synovial fluid curve was similar to the healthy blood plasma scans [e.g., 19, 20] . In most cases, four well-resolved endotherms can be separated for the plasma compounds in the temperature range 50-76°C (50-62-70-76) and at 82°C [20] . According to Ferencz et al. [21] , these transitions can be assigned to fibrinogen (* 50°C), albumin (* 62°C), immunoglobulins (* 70°C), IgA, IgG, and albumin (* 76°C) as well as to transferrin and IgG (* 82°C). Of course, there are other contributors, but their concentration is rather small therefore their effect too. The deconvoluted thermal parameters can be found in Table 1 . From figures and Table 1 , it can be seen that very probably the albumin gives the biggest contribution to the calorimetric enthalpy (from the table are canceled those compounds which gave a contribution to the decomposition between 0.3 and 0.6%). The average melting temperature (T m ) for albumin was higher (63.2°C for reference samples) than in blood plasma [19] [20] [21] and at Grade IV reached the maximum (64.4°C). On the basis of data [19] [20] [21] , it seems that from albumin, very probably, we have more populations, one with 60.4 (structurally weaker part) and the others (more affected by arthritis) with 64.4 and 74.2°C melting temperatures. Generally, we can say that the enthalpy contribution in arthritic stages was greater compared with the control. The maximum was reached in Gr. II. stage. The melting in * 69 to 71°C range is waited to characterize the immunoglobulins. The melting temperature is smaller in arthritic stages than in the control, but in Grade III, we observed an extreme high calorimetric enthalpy contribution.
After bacterial infection (Fig. 4) , using SA, the albumin and immunoglubulin compounds give the highest calorimetric enthalpy and melting at 76.2°C. SE exhibited big albumin shift (66.9 and 76.3°C) with transferrin and IgG contributions. These deviations from standard plasma values of course are influenced by other compounds of synovial fluid, but because of their small material content, it cannot be clearly separated.
Discussion
More than a decade since DSC measurements of patients have been focused in the researches, more and more authors confirmed importance and advantages of DSC data [22] . Briefly, these are the follows:
• Thermal parameters (e.g., T m and DH) of blood plasma or serum are significantly different in healthy individuals and in patients with various diseases, either in systematic inflammatory disorders or in tumorous diseases [23] [24] [25] [26] [27] .
• DSC data show a strong correlation with clinical stages of different diseases [19, 25, 26, [28] [29] [30] [31] [32] [33] [34] , and the experimental curves completely reflect the protein 
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• Changes in curves are the consequences not only of the quantitative changes of major plasma proteins, but of interactions of small molecules or peptides of these proteins also [27, 30, [32] [33] [34] ].
• The shape of DSC curves is very sensitive to conformation changes of proteins, to protein-protein or to ligand-protein interactions, to appearance of new proteins (e.g., paraproteins in cancerous diseases), or to influence of different medications to plasma proteins [19, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
As known, synovial fluid (SF) analysis is an important test for separation of joint infection from degenerative joint lesions based on rheumatological and immunological disorders. More recently, the qualitative and quantitative changes in SF can be studied by specific laboratory diagnostic procedures that, from point of view of certain biochemical and biophysical changes, provide useful information in clinical practice. Abnormal synovial fluid differs from the normal, not only in its composition but also in its appearance, sometimes confusing, denser or more fluid, but may vary significantly in color. The presence of crystals, white blood cells, red blood cells, other proteins, or microorganisms can be demonstrated in the composition of the synovial liquid of the confused appearance of the color altering from the average.
The SF, a biological compound lubricant of the joints, which contains blood plasma proteins (albumin * 11 mg mL -1 and different types of globulin * 7 mg mL -1 ), lipids, hyaluronic acid (* 3 mg mL -1 ), proteoglycan, and many small molecules, such as glucose, salts, and carbon dioxide [2, 15, 16] . Hyaluronic acid (HA) is synthesized in the synovial fluid by synoviolitis, a high molecular weight polysaccharide whose main feature in the joint is that it is able to bind a lot of water, thereby providing the viscosity of the joints as a natural moisturizing ingredient. It lowers the friction on the surface of the cartilage of the joints. In the case of swollen diseases, it is possible to inject directly into the joints to reduce pain and prevent further abrasion of the cartilage.
HA besides its biomechanical and biochemical properties, it has countless physiological functions, a promising, disease-specific bioindicator of inflammatory processes [34, 35] . The molecular mass of HA in the human body is typically within the range of 10 5 -10 7 Da, which decides the function of the molecule. For example, high molecular mass HA ([ 1000 kDa) exhibits high viscosity, antiinflammatory, and immunosuppressive properties [35, 36] , while low molecular mass HA (\ 500 kDa) can cause the release of antiinflammatory cytokines [35] [36] [37] [38] .
In recent years, the need for a rapid and reliable immunohistochemical procedure has been growing in the interest of targeted therapeutic treatment of joint and prosthesis infections. A Philadelphian research group, Deirmengian and Parvizi, isolated 16 peptides from synovial fluid, which could play a role in detecting infection. Among these, alpha defensin (aD) proved to be the most promising, so this protein was suggested for the further investigation in the diagnosis of peripheral arthritis [39] . In practice, Synovasure Ò Alpha Defensin Test is available for this purpose, which detects aD positivity after 10 min [40] .
Disconnected small joint structures result in a qualitative and quantitative modification of the composition of the SF, in which the analysis of the components provides a unique opportunity to study the joint diseases. According to a previous study, in osteoarthritis (OA) compared with the healthy joint, we can find the most excreted protein in the SF [41] . The integrity of the SF protein-rich lubricant composition depends to a large extent on the temperature in the zone of contact-pressure exposure.
In the case of overloaded joints, uneven abrasion conditions and surface replacement implants, the increased temperature increases protein degradation and accelerates abrasion [42] . The most common protein in SF is human serum albumin (HSA), which plays an important role in the lubrication of the cartilage, thereby protecting the joint cartilage surface from the abrasion [43] . The model, investigated under our experimental conditions by differential scanning calorimetry (DSC), proved to be a wellused method in case of healthy, degenerative, and contagious arthritis, for the reproducible detection and quantification of temperature-dependent denaturation of protein content in SF.
Previous studies have shown that by qualitative and quantitative modifications of albumin composition, structural destabilization will appear, or by applying certain amino acids, we can achieve stabilization of albumin structures [44] [45] [46] [47] [48] [49] . According to our recent work, it can be seen that the albumin is a very sensitive monitor of the effect of arthritis and bacterial infections of synovial fluid. Knowing the denaturation properties of temperature-dependent protein molecules in SF (mainly albumin and different globulins), DSC can be used in the design and development of intra-articular lubricant additives that effectively enhance the heat stability of proteins, by which can be influenced the process of abrasion of the joints.
Conclusions
DSC has proved to be such a testing method to investigate the changes of the proteins that make up the SF, which is an outstanding test procedure for the development of intra-articular additives. To develop multiple workplaces, DSC measurements should be performed for simultaneous control of different antibiotics in infected SF samples. In those sample holders where there is no proliferation of bacteria, antibiotics should be used for the treatment of patient.
